Figure 1. Phase Setting of Central and Peripheral Circadian Clocks in Nocturnal Rodents SCN neurons receive light information directly from retina cells via the retinohypothalamic tract (RHT)
. This photic entrainment corrects the phase of the SCN oscillator every day to ensure synchronization of circadian with geophysical time. The SCN synchronizes peripheral clocks in organs such as liver, heart, and kidney via direct and indirect routes. Indirect synchronization is accomplished by controlling daily activity-rest cycles and, as a consequence, feeding time. Feeding (or starving) cycles are dominant Zeitgebers for many, if not most, peripheral clocks. Food metabolites, such as glucose, and hormones related to feeding and starvation are probably the feeding-dependent entrainment cues. Activity cycles also influence body temperature rhythms, which in turn can participate in the phase entrainment of peripheral clocks. Direct entrainment may employ cyclically secreted hormones and perhaps neuronal signals conveyed to peripheral clocks via the peripheral nervous system. Body temperature rhythms, which are controlled in part by the SCN, may also contribute to the synchronization of peripheral clocks. Activity rhythms can feed back on the SCN by modifying period length and phase. As indicated in the model, light can directly suppress activity in nocturnal rodents and thereby generate cyclic locomotor activity even in clockless animals, provided that these are kept in LD cycles.
Thus, when these transplanted flies are kept in constant in chronopharmacology is likely to be significant for chemotherapy in cancer patients, as the efficacy and/or darkness, timeless and period transcription oscillate with opposite phases in the grafted and host tissues toxicity of the antiproliferative drugs may depend on the circadian timing of treatment. While it appears that the (Giebultowicz, 2001 ). In animals, where peripheral clocks cannot be entrained by photic cues, the phase molecular circuitries of circadian and cell cycle clocks have evolved in a similar, occasionally overlapping fashentrainment of circadian clocks may involve both cellto-cell communication within a specific tissue (at least ion, it should be emphasized that in some organisms, proliferation and circadian timing are completely uncouin some tissues) and tissue-to-tissue communication within an organism (see below). In conclusion, the hierarchically dominant position of the SCN is impressive, but limited. We like to think of it chemical cues may be reinforced by body temperature rhythms. Indeed, natural body temperature cycles reas an orchestra's conductor, using a large repertoire of gestures to set the timing of individual musicians in corded by telemetry in mice can sustain circadian oscillations in gene expression for a few days. Moreover, playing their instruments. However, the success of the symphony not only depends on the signs given by the temperature cycles of environmental temperature-hot during the night and cold during the day-that are oppodirector, but also on the capacity of the individual musicians to play their parts. site to the natural rhythm can shift the phases of circadian oscillators in peripheral mouse tissues. Again, the Conclusions The remarkable progress that the field of circadian biolphase of the SCN master clock is not influenced by changes in ambient temperature rhythms (Brown et al., ogy has witnessed in the past few years should not blind us. The identification of some essential clock genes and the discovery of peripheral oscillators have significantly advanced our understanding, but our picture of the circadian timing system is far from being complete. Our attempts to establish an inventory of clock components have just started, and we expect that numerous important clock genes still await identification. Moreover, as pointed out here, we still need to couple clock protein expression to specific signal transduction cascades and to decipher the molecular mechanisms by which these pathways influence circadian gene expression and overt rhythms in physiology and behavior. These endeavors will necessitate the use of the most advanced tools in genetics, genomics, proteomics, physiology, and behavior. Indeed, one of the major attractions of the field lies in its multidisciplinarity. We thus anticipate that future attempts toward the elucidation of the circadian timing system will not only bring us many additional and exciting surprises, but will also reward us with immense fun.
